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APPENDIX IV

ADDITION 0 DIPLUOROCARBENt TO POLY(l-METEYL-i- condenser and a Teflon covered magnetic stirring
PHZN.L-1-BILA-CIS-PJNT-3EN . CEARACTZRIZATION OP bar was placed I (60 mg), II (see Table 1) and a
KICROSTRUCTUREZ BY A, 13 C, I9F AND 298± NKR three fold molar excess of sodium iodide with res-

by pect to II. To this mixture was added 15 mL of
Howard Shih-Jen Lee and William P. Weber* degassed benzene. The solution was heat to reflux

Department of Chemistry, D.P. and K. B. Loker with vigorous stirring for 40 h. The mixture was
Hydrocarbon Research Institute. University of cooled to rt and filtered. The solvent was removed
Southern California, Los Angeles, CA 90089-1661 by evaporation under reduced pressure. The polymer

was dissolved in 3 mL of THF and was precipitated
INTRODUCTION from CH3OH, twice. The polymer was then dried

There is considerable interest in the chemi- under vacuum for 24 h. Yields bet-ween 80 and 86%
cal modification of polymers (1-3). Dichloro-(4-7) of F2 C-I were obtained. IR : 3071, 3050, 3011,
and difluorocarbene (8) add stereospecifically to 2961, 2929, 2892, 1461, 1428, 1411, 1297, 1259,
the C-C double bonds of cis- and trans-l,4-polybu" 1214, 1113, 1084, 978, 849, 821, 734, 699 cm

-1 .
tadiene.

we were interested in the polymers formed by CH3 PhH /CH3-
the addition of difluorocarbene to the C-C double S \
bonds of poly(l-methyl-l-phenyl-l-sila-cis-pent- Nal
3-ene) (9). We have previously added dichloro(10)

and difluorocarbene (11) to poly(l,l-dimethyl-l- Table 1. Effect of Molar Ratio of PhHgCF 3 to
sila-cis-pent-3-ene). I on Percent Difluorocyclopropanation of I (%F2C-

EXPERIXENZAL I). M,/Mn of I and F2 C-I. Glass Transition 
Temper-

H, 3C, 19 F and 29 Si NMR spectra were ob- ature (Tg)

tained either on a Brucker AM-360 or an IBM- Ralo %F2C. I M,/M, x I0-

Brucker WP-270-SY spectrometer operating in the FT Ph/gCF T
mode. Polymer solutions (5% W/V) in CDC1 3 were
utilized for IH and 19 F NMR spectra. For 29Si and
13C NMR spectra (20% W/V) solutions were used. 

1 3C 0.0 0 249/93 -38.6

NMR spectra were run with broad band proton decou- 0.5 16 249/93 1941100 -26.8
pling. Chloroform was used an internal standard 1.0 34 44/22 10/7 -24.4

for -H and 13C NMR spectra. A DEPT pulse sequence 3.0 55 44/22 10/6 .11,0
(12) or a NONOE with a pulse delay of 20 sec t±3) 7.0 80 44/22 30/15 -3.1
was used to obtain 

2 Si NMR spectra. These were 12.0 97 44/22 11/7 .1.4
externally referenced to TMS. 

19
F NMR spectra were

jun with broad band proton decoupling to eliminate
scalar oupling. CCl3 F was used an external RESULTS AND DISCUSSIONH- F peCtr as uWe have utilized the NaI catalyzed decomposi-

standard fo1spectra tion of II to generate difluorocarbene, since this
R, IR spectr meter.These were otained on areagent functions at low temperature (800 C) under

IR/30s, TGS/CSI spectrometer. These were taken on neutral conditions (14,15). These conditions were
films on aCl plates. GPC analysis of the molc- chosen to minimize polymer degradation, which was
lar weight distribution of the polymers were nevertheless a problem.

performed on a Waters system, comprised on . ' By TGA 97%F 2C-I is less thermally stable

injector, 510 HPLC solvent delivery system ! than I (9). It is stable to 190C. Rapid loss of

refractive index detector, and a model 82u Ma 50% of its initial weight occurs between 210 and

Control system. A Waters 7.8 mm x 30 cm, 10 rt 2650 C. slower weight loss occurs between 270 and

particle size, mixed pore size, crosslinked po-

lystyrene gel column was used for the separation. 430 0 C. Approximately a five percent residue is

The eluting solvent was reagent THF at a flow rate observed.
of 0.6 mL/min. The retention times were calibrated a Tducts of I can be anlyzed by dH, C, F and
against known monodisperse polystyrene standards: 29Si NMR spectroscopies. Partially difluorocyclo-
M P212,400; 110,000; 20,400 4,800; 1,350 whose propanated polymers have T a intermediate between

Mw/Mn are less than 1.09. those of I and 97t FzC-I (Table 1).
TGA of 97% F2 C-I was carried out on a The extent of difluoroqyclopropanation can be

Perkin-Elmer TGS-2 instrument at a nitrogen flow easily determined from the H NMR data by compari-
rate of 40 cm /min. The temperature program for son of the integrals of the resonances due to the
the analysis was 500 C for 10 min followed by an phenyl groups at 7.46(s,2H) and 7.34(s,3H) ppm
increase of 40C/min to 7500 C. Tg's of the polymers with the signal for the vinyl hydrogens at 5.25(s)
were measured on a Perkin-Elmer DSC-7 differential ppm. The allyl hydrogens result in a signal at
scanning calorimeter. Temperature scans were begun 1.64 ppm whose intensity is consistently twice
at -1002C. This was increased at a heating rate of that of the signal at 5.25 ppm. A broad singlet at
20°C/min to 200 C. 1.36 ppm is assigned to the methine hydrogens of

THF was distilled from sodium benzophenone the difluorocyclopropane (CF2 ) rings while a sin-
ketyl immediately prior to use. All reactions were glet at 0.74 ppm results from the methylene hydro-
conducted under an atmosphere of purified nitro- gens ad-jacent to the CF2 groups. The methyl
gen. groups bonded to silicon give rise to three reso-

(Trifluoromethyl)phenylmercury (II) was pre- nances whose intensities depend on the extent of
pared by an exchange reaction between diphenylmer- difluorocyclopropanation. These can be assigned on
cury and (trifluoromethyl)mercuric trifluoroace- the basis of a dyad analysis. The signal at 0.22
tate. The crude product was recrystallized from ppm is due to methylphenylsilylene (III) units
hexane, mp 141-143 0 C (14,15). whose nearest neighbors are C-C double bonds,

Poly(l-methyl-l-phenyl-l-sila-cis-pent-3-ene) while that at 0.29 is .due to III units which have
(I) was obtained by the anionic ring opening poly- a C-C double bond on one side and a CF2 unit on
merization of l-methyl-l-phenyl,l-silacyclopent- the other. Finally, the singlet at 0.36 ppm is due
3-ene. I was stored at 00C under Argon (10). to III units which have CF2 units on both sides.

Addition of Difluorocarbene to I The "Si NMR can likewise be understood by
In a 50 mL rb flask equipped with a reflux application of a dyed analysis. Three groups of



I

resonances are observed whose intensities vary Fig.2. Tnad microstructurcs of FC-I
with the extent of difluorocyclopropanation. The = CF2 / CH3 H3-

signal at -4.31 ppm is due to the silicon of III SJ' '. _ '
units which have C-C double bonds on either side.Ph P

Two signal are observed at -2.71 and -2.93 ppm in 
H C. P

a 1:1 ratio. These result from III units which C - .C3 CH

have a C-C double bond on one side and a CF unit I, , , y , --7

on the other. Considera on of molecular moiels Ph Ph I .h
(Fig. 1) predict three iSi NMR resonances in a Ph P

1:2:1 ratio due to III units which have CF2 units CH CH CH CHi i
on either side. In fact, two signals assigned to

such units are observed: -0.94, -1.18 ppm in a 1:3 Ph Ph Ph Ph

ratio. CH C C" "CH

Fig. l Dyad microstructures of F2C-1 -  _,

0 = CF 2  
9 H P. Ph Ph Ph

-j S' ---3..- C "-- (Pim '3C (PPM)

CH . Ph methylene vinyl mothyleom Vinyl

-- 15.23 123.24 15.36 12361

Ph -- -"S' -- 7 2P 1476 123681 51 127 (1 1) 0I '!

CH Ph ..R. The resonance for the difluoromethylene car-
CH bon is found at 115.27 ppm. It is split to a

S , ia " , triplet by the two geminal fluorine atoms which
Ph fortuitously have identical coupling constants of

CHJ\2 2 -"8 Hz. The 13C N14R resonance due to the fluorine. - si.'stituted carbon is not appreciably sensitive to

I the extent of difluorocyclopropanation of I. cis-Ph Ph 2,3-Difluoromethylene-l,4-butane units can be as-
2S, 13C (PPM) 'S, 3C (PP) signed on the basis of a triad analysis as in Fig.

3CH 990 0060 pare 'H p9 0060 P5~ 2 by replacement of the central 1,4-cis-but-2-ene

-4.31 5-52 137.77 127.65 129.01 -094 -,.24 136.17 12794 12945 groups by a cis-2,3-difluoromethylene-l,4-butane

-1.18 -586 136.12 unit. The allyl, methine carbons of the CF 2 rings

126 7 3) and th methylene bonded to Si can be assigned.-2.93 -5.98 13707 -. 34 136.07 iF NMR spectroscopy provides conclusive
0 1) (1 1) (1:1) (1:2) )(1.2:1 evidence that the addition of difluorocarbene to

the C-C double bords of I proceeds in a stereospe-
e13C NMR data can also be explained in cific cis manner. Thus the two fluorines of the

The exten oCF 2 units of F2C-I are nonequivalent. This results
terms of both the extent of difluorocyclopropana- observation of a doublet of doublets in the
tion as well as on the basis of microenvironments 1 N spectrum at -124.9 and -151.3 ppm, J 150
which are determined by neighboring groups. The sa1
13C NMR resonances of the III groups can be under- Hz.

stood on the basis of a dyad analysis. Thus the ?AhrVovleq.m.atz This work was supported by the
methyl carbons of these give rise to six distinct Air Force Office of Scientific Research AFOSR 89-
signals. They have been assigned on the basis of 0007 and the Office of Naval Research.
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